SUSPENSION CONTROL APPARATUS OF VEHICLE 

[0001] The disclosures of Japanese Application No. 2002-279860, filed on September 
25, 2002 and Japanese Patent Application No. 2002-3 11819, filed on October 25, 2002 including 
their specifications, drawings and abstracts are incorporated herein by reference in their entirety. 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0002] This application claims, under 35 USC 1 19, priority of Japanese Application No. 
2002-279860 filed September 25, 2002 and Japanese Application No. 2002-3 11819 filed October 
25, 2002. 

BACKGROUND OF THE INVENTION 
[0003] The present invention relates to a suspension control apparatus/method for a 

vehicle. 

[0004] Vehicles equipped with navigation apparatus have been conventionally provided 
with a suspension control apparatus which can execute a suspension control corresponding to 
road condition data received from the navigation apparatus. With such suspension control 
apparatus, for example, when a curve is detected based on road data such as a profile of the road 
ahead, an adjustment of the suspension strength is calculated based on the shape of the detected 
curve, steering and vehicle speed. See, for example, Japanese Patent Publication No. 5-345509. 

[0005] Further, there has been proposed control of suspension strength based on a data 
base with data indicating roughness of the road. See, for example, Japanese Patent Publication 
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No. 2000-322695. In this case, learning is executed by acquiring data for vertical acceleration as 
input from the suspension. Based on the acquired vertical acceleration data roughness of the 
road is determined and recorded in the data base. In other words, results of actual control of the 
suspension are compared with an estimated control, and the data base is corrected based on the 
comparison. 

[0006] However, the above-mentioned suspension control apparatus, which executes 
suspension control based on data for the shape of the road received from the navigation 
apparatus, differentiates only between a paved road and an unpaved road, and the actual road 
surface profile including its irregularities is not considered. Further, with respect to the vehicle 
state, only the vehicle speed and the steering are considered. Accordingly, the advance setting of 
control of the suspension on the rough road may cause the driver to feel a sense of discomfort. 

[0007] Further, in the case of executing learning, since the learning is not of the road 
surface profile but, rather, with regard to the location where a swing is felt, the learning 
sometime disregards vehicle parameters such as the vehicle speed and vehicle weight. In the 
case that the advance control of the suspension for a rough road is based on learning in the 
manner mentioned above, the driver feels a sense of discomfort. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present invention to provide a suspension 
control apparatus for a vehicle which can solve the above-mentioned problems, and which can 
suitably execute suspension control even on a rough road by basing the suspension control on an 

2 



actual road surface profile while taking various vehicle parameters into consideration, and 
learning the road surface profile. 

[0009] The suspension control apparatus for a vehicle according to a first aspect of the 
present invention has a vertical acceleration sensor for detecting vertical acceleration of the 
vehicle; and a control unit for determining a road surface profile by estimating waves and 
irregularities in the road surface based on the vertical acceleration of the vehicle detected by the 
vertical acceleration sensor, and determining a suspension control value based on the determined 
road surface profile. 

[0010] Accordingly, it is possible to properly execute suspension control in accordance 
with an actual road surface profile. 

[001 1] The suspension control apparatus for a vehicle according to a second aspect of 
the present invention has a vertical acceleration sensor for detecting a vertical acceleration of a 
vehicle, a vehicle speed sensor for detecting vehicle speeds, a weight sensor for detecting 
vehicle weight, and a control unit for determining a road surface profile by estimating waves and 
irregularities of the road surface based on the vertical acceleration of the vehicle detected by the 
vertical acceleration sensor, the vehicle speed detected by the vehicle speed sensor and the 
vehicle weight detected by the weight sensor, and determining a suspension control value based 
on the thus determined road surface profile. 

[0012] Accordingly, in accordance with the second aspect of the invention also, it is 
possible to properly execute suspension control based on an actual road surface profile. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] FIG. 1 is a representation of frequency of vibration from a road surface 
according to a preferred embodiment of the present invention; 

[0014] FIG. 2 is a block diagram showing the structure of a suspension control 
apparatus of a vehicle according to the embodiment of the present invention; 

[001 5] FIG. 3 is a schematic diagram of the structure of a suspension according to the 
preferred embodiment of the present invention; 

[0016] FIG. 4 shows a suspension control map suitable for use in the preferred 
embodiment of the present invention; 

[001 7] FIG. 5 shows a damping force map suitable for use in the preferred embodiment 
of the present invention; 

[001 8] FIG. 6 shows a spring rate map suitable for use in the illustrated preferred 
embodiment of the present invention; 

[0019] FIG. 7 is a view illustrating a low vehicle weight; 

[0020] FIG. 8 is a view illustrating a high vehicle weight; 

[0021] FIG. 9 shows a suspension control map for use where the vehicle weight is high 
according to the preferred embodiment of the present invention; 

[0022] FIG, 10 shows a suspension control map for use with a medium vehicle weight 
according to the preferred embodiment of the present invention; 

[0023] FIG. 1 1 shows a suspension control map for use with a low vehicle weight 
according to the preferred embodiment of the present invention; 

[0024] FIG. 12 illustrates changes in a suspension control value in accordance with 
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encounter of a rough road stretch according to the preferred embodiment of the present invention; 

[0025] FIG. 13 illustrates changes in the suspension control value on a section of road 
of varying roughness according to the preferred embodiment of the present invention; 

[0026] FIG. 14 illustrates changes in the suspension control value on another section of 
"rough road", of varying roughness, according to the preferred embodiment of the present 
invention; 

[0027] FIG. 15 illustrates learning of a road surface profile according to the preferred 
embodiment of the present invention; 

[0028] FIG. 16 illustrates road surface "wave length", a parameter used in learning the 
road surface profile according to the preferred embodiment of the present invention; 

[0029] FIG. 17 is a learning map for the case of a high vehicle weight according to the 
preferred embodiment of the present invention; 

[0030] FIG. 1 8 shows a learning map for the case of a mid-weight vehicle according to 
the preferred embodiment of the present invention; 

[0031] FIG. 19 shows a learning map for the case of a low vehicle weight according to 
the preferred embodiment of the present invention; 

[0032] FIG. 20 illustrates a system for sharing road surface profile information 
according to the preferred embodiment of the present invention; 

[0033] FIG. 21 is a flow chart of a routine for processing output from a sensor unit 
according to the preferred embodiment of the present invention; 

[0034] FIG. 22 is a flow chart of a main routine executed by a suspension control unit 
in the preferred embodiment of the present invention; 
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[0035] FIG, 23 is a flow chart of a subroutine for preparing instruction (step S12 in 
Fig. 22) in the preferred embodiment of the present invention; 

[0036] FIG. 24 is a flow chart showing a first portion of a subroutine for correcting 
road information according to the preferred embodiment of the present invention; 

[0037] FIG. 25 is a flow chart showing the remainder of the subroutine of Fig. 24; 

[003 8] FIG. 26 is a flow chart of the subroutine of step S 1 2- 1 -7 (Fig. 24) for 
processing actual road environment information according to the preferred embodiment of the 
present invention; 

[0039] FIG. 27 is a flow chart of the subroutine of step S12-1-9 (Fig. 24) for 
determining coincidence between stored road environment information and actual road 
environment information and correcting road environment information, according to the 
preferred embodiment of the present invention; 

[0040] FIG. 28 shows the relationship between a current position and a node point in 
calculating a rough road control value according to the preferred embodiment of the present 
invention; 

[004 1 ] FIG. 29 is a flow chart of the subroutine of Step S 1 2-2 (Fig. 23) for calculating 
a rough road control value according to the preferred embodiment of the present invention; 

[0042] FIG. 30 is a flow chart of the subroutine of step S12-2-7 (Fig. 29) for 
calculating a control value by node according to the preferred embodiment of the present 
invention; 

[0043] FIG. 3 1 is a flow chart of the subroutine of step S 1 2-2- 1 1 (Fig. 29) for 
calculating the control value according to the preferred embodiment of the present invention; 
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[0044] FIG. 32 is a flow chart of a routine for execution of control instructions by the 
suspension control unit according to the preferred embodiment of the present invention; and 

[0045] FIG. 33 is a flow chart of the subroutine of step S22 (Fig. 32) for control 
execution processing according to the preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0046] An embodiment in accordance with the present invention will now be described 
in detail with reference to the accompanying drawings. 

[0047] As shown in Figs. 2 and 3 of the drawings, a vehicle suspension control 
apparatus 10 includes a sensor unit 20 for outputting information for the travel environment of 
the vehicle corresponding to road information, a suspension control unit 30 for controlling the 
suspension of the vehicle, and a suspension unit 40 controlled by control unit 30. The vehicle 
may be any kind of vehicle which can travel on a road, such as a passenger car, a truck, a bus or a 
two-wheeled vehicle. In the present embodiment, for convenience of explanation, a four-wheel 
passenger car having a suspension unit 40 mounted on each of the four wheels will be described. 

[0048] A navigation apparatus 21 is shown as receiving signals from a gyroscopic 
sensor 22 for detecting rotation angular velocity, that is, a turning angle of the vehicle, a global 
positioning system (GPS) sensor 23, and a vehicle speed sensor 24 for detecting speed of the 
vehicle. The suspension controller 30 receives the signals from the vehicle speed sensor 24, as 
well as from a steering sensor 25 for detecting the steering angle of the steering wheel of the 
vehicle operated by the driver, a turn signal sensor 26 for detecting operation of a turn signal 
(direction indicator of the vehicle), an accelerator sensor 27 for detecting degree of opening of 
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an accelerator operated by the driver, a brake sensor 28 for detecting motion of a brake pedal of 
the vehicle operated by the driver, and a weight sensor 29 for detecting weight of the vehicle. 

[0049] The navigation apparatus 21 is provided with computing means such as a CPU, 
an MPU, memory means such as a semiconductor memory and/or a magnetic disc, input means 
such as a touch panel, a remote controller and/or push buttons and a communication interface. 
In addition to connection to the gyroscopic sensor 22, the GPS sensor 23 and the vehicle speed 
sensor 24, the navigation apparatus 21 may receive signals from a geomagnetic sensor, a distance 
sensor, a beacon sensor and an altimeter which are not illustrated. Further, the navigation 
apparatus 21 detects current position of the vehicle, direction of the vehicle, speed of the vehicle 
and distance traveled by the vehicle based on signals from the gyroscopic sensor 22, the GPS 
sensor 23, the vehicle speed sensor 24, the geomagnetic sensor, the distance sensor, the beacon 
sensor and the altimeter. In this preferred embodiment, the navigation apparatus 21 executes 
basic processing and travel environment recognition processing, and transmits travel 
environment information to the suspension control unit 30. 

[0050] The GPS sensor 23 detects the current position on the basis of radio 
transmissions from a GPS satellite (not shown), the geomagnetic sensor detects the direction of 
the vehicle by the earth's magnetism, and the distance sensor detects a distance between 
predetermined positions on the road. The distance sensor may be a device for measuring number 
of rotations of the wheels (not shown) or a device which measures acceleration and integrates the 
acceleration twice so as to obtain the distance. Further, the beacon sensor receives position 
information from beacons arranged along the road to detect the current position. 
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[0051] In this case, the vehicle weight sensor 29 is connected to an in-vehicle LAN 
(local area network) arranged within the vehicle, acquires a vehicle code corresponding to 
information communicated via the in-vehicle LAN, specifies type of vehicle based on the vehicle 
code, and acquires the basic weight of the vehicle. Further, the vehicle weight sensor 29 includes 
a seat sensor in each of the seats, and calculates a deadweight based on the number of passengers 
sitting on the seats. Further, a vehicle weight corresponding to the total weight of the vehicle is 
detected by summing the basic weight of the vehicle and the deadweight. Alternatively, the 
deadweight can be determined from an auto leveling device when the vehicle is stopped. 

[0052] The memory means of the navigation apparatus 21 is provided with a database 
including a facility information data file containing a map data file, a crossing point data file, a 
node data file, a road data file and information for facilities such as hotels, gasoline stations, 
shops and stations in various regions. Further, the memory means contains data for displaying a 
guide map along a search route on a screen of the display means, displaying a distance to the next 
crossing point, displaying direction of travel at the next crossing point, and displaying other 
guide information, in addition to data for searching to determine an optimum route or "search 
route." Also data for audio output of predetermined information is recorded in the memory 
means. Further, the memory means includes various recording mediums such as a magnetic tape, 
a magnetic disc, a magnetic drum, a flash memory, a CD-ROM, an MD, a DVD-ROM, an optical 
disc, an MO, an IC card, an optical card and/or a memory card, and can also employ a detachable 
external memory medium. 

[0053] The road is displayed on the screen of the display unit based on the crossing 
point data, the node data and the road data. The crossing point data indicates whether the 
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crossing point does or does not have a traffic signal light. The node data includes position and 
shape of the road as map data recorded in the map data file, i.e., data showing branch points 
(including crossing points and T-junctions) of an actual road, node points and links connecting 
the node points. Further, the node points show position of any bend in the road. 

[0054] The road data includes data such as a width of road, inclination of the road, a 
cant of the road, height, banking of the road, state of the road surface, number of traffic lanes, 
locations where the number of traffic lanes is reduced and location where the width is narrowed. 
In the case of a highway or other main road, each of opposing lanes is stored as a separate road, 
and the road is treated as a double road. For example, in the case of the main road having two 
lanes or more, the road is treated as a double road, and traffic lane in one direction and a lane in 
the opposite direction are each stored as an independent road in the road data. Further, data for 
corners includes data for radius of curvature, crossing points, T-junctions, starting points of turns 
around the corners. Road attribute data includes data for railroad crossings, a highway entrance 
and exit ramps, toll gates, descending slopes, ascending slopes, and type of road (a Federal 
interstate highway, a state road, or freeway). 

[0055] The communication interface of the navigation apparatus 21 serves as the 
communication means for the suspension control apparatus 10, i.e., for communication between 
the suspension control unit 30 and an FM transmitting device, a telephone network, the internet 
and/or a cellular phone network. The communication interface receives various types of data, for 
example, road information such as traffic jams, traffic accidents and D-GPS information 
indicating a detection error of the GPS sensor 23. 

[0056] The navigation apparatus 21 executes basic processes such as searching for a 
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route to a destination ("search route"), travel guidance along the search route, searching for a 
location or facility, displaying a map on the screen of the display means, and displays the current 
position of the vehicle, the search route from the current position to the destination, and the 
guidance information for travel along the search route. The guidance information may be audio 
output by sound producing means. The navigation apparatus 21 also functions as current 
position tracking means for showing the current position of the vehicle. Further, the navigation 
apparatus 21 executes travel environment recognition for recognizing shape of a corner, a 
crossing point, or T-junction, entrance and exit ramps positioned in advance of the vehicle in the 
direction of travel, and a recommended speed for approach to a corner. The travel environment 
information is transmitted to the suspension control unit 30. 

[0057] Further, the suspension control unit 30 is provided with computing means such 
as a CPU and/or MPU, memory means such as a semiconductor memory and/or a magnetic disc 
and the communication interface. As previously noted, the suspension control unit 30 is 
connected to the vehicle speed sensor 24, the steering sensor 25, the turn signal sensor 26, the 
accelerator sensor 27, the brake sensor 28 and the vehicle weight sensor 29, from which it 
receives the vehicle travel state information. Further, the suspension control unit 30 executes 
various routines such as for receiving control condition information, for receiving control 
element information, control instruction preparation and control instruction transmission, and 
transmits the control instructions to the suspension unit 40. 

[0058] The suspension unit 40 includes a vertical acceleration sensor 41, a damping 
force adjusting mechanism 42, a spring rate adjusting mechanism 43 and a vehicle height 
adjusting mechanism 44, in addition to a spring, a damper (an attenuation device) and a wheel 
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guide mechanism (a link) provided in a conventional suspension. The vertical acceleration 
sensor 41 detects a vertical acceleration of the vehicle corresponding to vertical acceleration of 
an upper portion of a spring corresponding to vertical movement of a vehicle body side portion in 
the suspension unit 40. The damping force adjusting mechanism 42 serves to adjust the 
damping force of the damper. For example, where the damper is a hydraulic damper, the 
damping force can be adjusted by adjusting the orifice diameter of an oil flow passage. Further, 
the spring rate adjusting mechanism 43 changes the value of the spring rate (a spring constant or 
a spring rate) of the spring by adjusting rigidity of the spring, that is, hardness of the spring. The 
vehicle height adjusting mechanism 44 adjusts height of the vehicle body. The suspension unit 
40 also transmits the actual values for the controlled parameters to the suspension control unit 
30. 

[0059] While in the embodiment shown in FIG. 2, the suspension control unit 30 is 
independently structured, the function of the suspension control unit 30 may be incorporated into 
the sensor unit 20 or the suspension unit 40. 

[0060] A method for adjusting the damping force, the spring rate and the vehicle height 
will now be described for the case in which the suspension unit 40 is an air suspension 
employing an air spring. An air suspension unit 8 1 corresponding to the suspension unit 40 has 
the structure shown in FIG. 3. First, to adjust the damping force, the damping force adjusting 
mechanism 42 activates a damping force adjusting actuator 88. Accordingly, an orifice switching 
type damping variable valve 89 is rotated, thereby changing the diameter of the orifice of the 
damper so as to adjust the damping force. 
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[0061] Further, to adjust the spring rate, the spring rate adjusting mechanism 43 
activates an opening and closing valve 87. Accordingly, the spring rate adjusting mechanism 43 
adjusts the spring rate by opening or closing a passage between a main air chamber 85 and a sub 
air chamber 86, or changing the amount of throttle of the passage. In other words, since the 
spring rate is lowered in proportion to a volumetric capacity of the air chamber in the air 
suspension, only the main air chamber 85 is used to provide a high spring rate, and the passage is 
opened and the sub air chamber 86 is also used to provide a low spring rate. 

[0062] For adjusting the vehicle height, the vehicle height adjusting mechanism 44 
activates a solenoid valve 84. Accordingly, air pressure within the main air chamber 85 and the 
vehicle height are adjusted by supplying air into the main air chamber 85 from an air tank 82 as 
shown by an arrow 91 , or discharging air from the main air chamber 85 as shown by an arrow 92. 
Air is supplied to the air tank 82 from an air compressor 83, as necessary. 

[0063] Operation of the suspension control apparatus 10 of the vehicle having the 
above-described structure will now be described for a suspension control responsive to road 
surface conditions, with reference to Figs. 1, 4, 5 and 6. 

[0064] Rough roads generally include unpaved roads and gravel roads, but a wavy road 
surface in a highway is also included. Further, various road surface profiles exist in these roads. 
However, since the conventional control only classifies the various road surface profiles as either 
paved road or unpaved road, with the conventional control it is impossible to provide advance 
control of the suspension corresponding to the actual road surface. 

[0065] Accordingly, the suspension control apparatus 10 of the present invention 
determines the road surface profile by estimating waves and irregularities in the road surface 
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based on the acceleration of the vehicle 1 1 in the vertical direction, and determines a suspension 
control value based on the thus determined road surface profile. In other words, a suspension 
control with a higher precision is executed by dividing the road surface profile into elements 
having an amplitude (roll of the road surface) and a wavelength (width between the rolls) so as to 
reflect the actual road surface profile used in control, not in accordance with mere classification 
as unpaved road or gravel road. 

[0066] First, the suspension control apparatus 10 of the vehicle adjusts the suspension 
control value in accordance with the vibration frequency. As shown in FIG. 1, on the 
assumption that the surface of the road on which the vehicle 1 1 travels has a wave profile of an 
amplitude Y and a wavelength A, a vibration frequency N of the vibration applied to the vehicle 
1 1 from the road surface is determined in accordance with the following formula (1), based on 
speed V of the vehicle 1 1 and the wavelength X of the road surface. 

N = V/X (1) 

where the vibration frequency N is close to a specific frequency of the spring in the 
suspension, resonance of the spring is generated at the vibration frequency N, amplitude of stroke 
of the suspension is increased, and a butterfly motion is sensed by the passenger. Accordingly, in 
this case, the damping force of the damper is made larger or the spring rate is adjusted to be made 
larger. In other words, it is possible to restrict the vibration applied to the vehicle 1 1 by 
adjusting the suspension so as to become hard. 

[0067] Further, the suspension control apparatus 10 of the vehicle adjusts the suspension 
control value in accordance with the amplitude. In general, the larger the road surface amplitude 
Y, the greater the vibration of the vehicle 1 1 . Therefore, in the case of a large road surface 
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amplitude Y, the damping force of the damper or the spring rate is adjusted so as to be made 
smaller. In other words, it is possible to restrict the vibration of the vehicle 1 1 by adjusting the 
suspension so as to become soft. 

[0068] The suspension control unit 30 has a suspension control map as shown in FIG. 4 
stored in the memory means, and prepares a control instruction including a suspension control 
value in accordance with the suspension control map and transmits the control instruction to the 
suspension unit 40. In accordance with the suspension control map, the suspension is adjusted 
to be harder as the road surface amplitude Y becomes smaller, and the suspension is adjusted so 
as to be made harder as frequency of the vibration imparted to the vehicle 1 1 from the road 
surface, that is the road surface vibration frequency N, becomes smaller. Numeric values 1 to 9 
shown in the suspension control map of FIG. 4 are hardness values set corresponding to 
suspension control values. The hardness value is a numeric value indicating a degree of hardness 
of the suspension, and a large hardness value means that the suspension should be made hard. In 
this case, the numeric values of the road surface amplitude Y and the road surface vibration 
frequency N shown in the suspension control map are only one example, and can be suitably set 
to other values. Further, the road surface amplitude Y and the road surface vibration frequency N 
are each classified into three stages, but may be classified into two stages, or four or more stages. 
Further, the hardness value may be classified into eight or less stages, or ten or more stages. 

[0069] Further, the damping force of the damper corresponding to the hardness value 
is, for example, set in accordance with a damping force property map as shown in FIG. 5, and is 
stored in the memory means of the suspension control unit 30. The vertical axis (abscissa) in 
FIG. 5 indicates the damping force of the damper, and the horizontal axis (ordinate) indicates 
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piston speed of the damper. In this case, numeric values of the damping force and the piston 
speed shown in FIG. 5 correspond to one example for application to a general use hydraulic 
damper for passenger cars, and are changed in accordance with the type of the vehicle and/or the 
type of damper. Further, the example shown in FIG. 5 is for hardness set values classified into 
eleven stages. The damping force of the damper is classified into eleven stages from No. 0 to 
No. 10 stages. A bold line represents a property curve for the case where the damping force is 
the largest, that is, the suspension is the hardest, and a fine line represents a property curve for 
the case where the damping force is the smallest, that is, the suspension is the softest. Property 
curves corresponding to the intermediate stages 1 to 9 are omitted. Further, a positive value on 
the property curve indicates that the axial dimension of the damper is extended, and a negative 
value on the property curve indicates that the axial dimension of the damper is compressed. 

[0070] Accordingly, in controlling the damping force of the damper to adjust the 
hardness of the suspension, the suspension control unit 30 determines the hardness value 
corresponding to the suspension control value in accordance with the suspension control map, 
selects the property curve corresponding to the hardness value in accordance with the damping 
force property map, and transmits the property curve to the suspension unit 40. Thus, the 
damping force adjusting mechanism 42 of the suspension unit 40 controls the damping force of 
the damper so as to achieve the damping force in accordance with the transmitted property curve. 

[0071] Further, the spring rate corresponding to the hardness value is set, for example, 
in accordance with a spring rate property map as shown in FIG. 6, and is stored in the memory 
means of the suspension control unit 30. The vertical axis (abscissa) in FIG. 6 indicates a spring 
constant corresponding to the spring rate, and the horizontal axis (ordinate) indicates a hardness 
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value. The numeric values of the spring rate shown in FIG. 6 represent an example applied to a 
general use coil spring in a passenger car, and are changed in accordance with the type of the 
vehicle and/or the type of the spring. Further, the example shown in FIG. 6 corresponds to a case 
wherein the hardness values are classified into eleven stages. 

[0072] Accordingly, in the case of controlling the spring rate so as to adjust the 
hardness of the suspension, the suspension control unit 30 determines the hardness value 
corresponding to the suspension control value in accordance with the suspension control map, 
selects the spring rate corresponding to the hardness value in accordance with the spring rate 
property map, and transmits the spring rate to the suspension unit 40. Thus, the spring rate 
adjusting mechanism 43 of the suspension unit 40 adjusts the actual spring rate of the spring to 
the transmitted value for spring rate. 

[0073] Next, a suspension control in accordance with vehicle weight information will 
be described with reference to Figs. 7-11. 

[0074] In general, when the vehicle weight is changed, even on the same road surface, 
between a spring upper weight limit and a spring lower weight, so that the magnitude of swing in 
the vehicle body is changed. In contrast, in conventional systems, since change in the vehicle 
weight is not taken into consideration, control of the suspension can not correspond to the actual 
vehicle state. 

[0075] Accordingly, the vehicle suspension control apparatus 10 in accordance with the 
present embodiment provides control dependent upon the vehicle weight. 

[0076] First, the suspension control apparatus 10 of the vehicle adjusts the suspension 
control value in accordance with the vehicle weight. As shown in FIG. 7, in the case where the 
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number of passengers 12 is small (one in the drawing) and the vehicle weight is low, the swing of 
the vehicle body is large. Accordingly, the suspension control apparatus 10 adjusts the 
suspension so as to be soft. Further, as shown in FIG. 8, in the case where the number of the 
passengers 12 is large (six in the drawing) and the vehicle weight is high, the swing of the 
vehicle body is small. Accordingly, the suspension control apparatus 10 adjusts the suspension 
so as to be hard. 

[0077] The suspension control unit 30 receives the vehicle weight as traveling state 
information from the vehicle weight sensor 29. In the case where the suspension control unit 30 
determines that the vehicle weight is high, it prepares a control instruction in accordance with a 
suspension control map shown in FIG. 9 and transmits that control instruction to the suspension 
unit 40. Further, in the case where the suspension control unit 30 determines that the vehicle 
weight is medium, it prepares a control instruction in accordance with a suspension control map 
shown in FIG. 10 and transmits that the control instruction to the suspension unit 40. Further, in 
the case where the suspension control unit 30 determines that the vehicle weight is low, it 
prepares a control instruction in accordance with a suspension control map shown in FIG. 1 1 and 
transmits that control instruction to the suspension unit 40. The high, medium and low ranges 
for the vehicle weight are changed to correspond to the type of vehicle 11. 

[0078] The suspension control maps shown in FIGS. 9 to 1 1 are basically the same as 
the suspension control map shown in FIG. 4, and are obtained by adjusting the hardness values 
shown in the suspension control map of FIG. 4 in accordance with vehicle weight. For 
example, the suspension control map shown in FIG. 9 is obtained by adding one to the hardness 
value shown in the suspension control map of FIG. 4, as indicated by +1 in parentheses. Further, 
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the suspension control map shown in FIG. 1 1 is obtained by subtracting one from the hardness 
value shown in the suspension control map of FIG. 4, as indicated by -1 in parentheses. Further, 
the suspension control map shown in FIG. 10 uses the hardness values of the suspension control 
map of FIG. 4, as is. Accordingly, the suspension control unit 30 can adjust and use the 
hardness values of the suspension control map shown in FIG. 4 corresponding to the vehicle 
weight without storing the suspension control maps shown FIGS. 9 to 1 1 in the memory means, 
thus saving memory space in the memory means. 

[0079] The suspension control unit 30 prepares the control instructions in accordance 
with the suspension control maps shown in FIGS. 9 to 1 1 and transmits those control instructions 
to the suspension unit 40, in the same manner as in the case of the suspension control based on 
the road surface state described above. 

[0080] Next, timing for executing control will be described for the case of a rough road 
with reference to Fig. 12. 

[0081] First, the suspension control before the vehicle 1 1 has entered the rough road 
section, which corresponds to an advance control of the suspension, will be described. In the 
case that the navigation apparatus 21 detects the rough road section within a section 100 m ahead 
of the vehicle 1 1 , the suspension control unit 30 calculates an optimum suspension control value 
with respect to the corresponding rough road section at a time tl , changes the suspension control 
value from the current control value to the optimum control value stepwise, and finishes 
transition to the optimum control value by a point 30 m short of the rough road section at a time 
t2. In this case, the suspension control value is a numeric value such as the property curve, the 
spring rate corresponding to the hardness value included in the control instruction as mentioned 

19 



above. This makes it possible to enter the rough road without discomfort and without any 
adverse affect due to an error in the current position detected by the navigation apparatus 21, due 
to an error in a registered section of the road surface profile and/or due to a time lag in changing 
the suspension control value, by executing the suspension control in advance, as described above. 
The rough road section is previously registered as a registered section corresponding to a 
specified road surface profile (in this case, a "rough road"). 

[0082] Suspension control as the vehicle 1 1 travels on the rough road section, which 
corresponds to the advance control of the suspension, will now be described. In this case, the 
suspension control unit 30 has entered the rough road section at a time t3 while keeping the 
optimum control value, and basically holds the optimum control value calculated before entry 
onto the rough road section at a time t4. In the case that the suspension unit 40 has the capability 
to recognize the current road surface profile and the vibration state from various sensors, and can 
automatically change the suspension control value, such as an active suspension system, control 
of the system is given priority. 

[0083] Now suspension control when the vehicle 1 1 has departed from the rough road 
section, which corresponds to the advance control of the suspension, will be described. In this 
case, the suspension control unit 30 holds the optimum control value for a distance 30 m after the 
end of the rough road section at a time t5, in order to allow for any error in the registered section 
of the road surface profile. In the case that a comer or crossing point, or another rough road 
section is present in advance of the vehicle, the advance control is given priority and the routine 
for holding the suspension control value is not executed. Further, the suspension control unit 30 
returns the suspension control value stepwise when vertical acceleration equal to or greater than a 
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fixed value is not continuously detected for 30 m or more, after leaving the rough road section at 
time t6. 

[0084] The case of a continuous rough road will now be described with reference to 
Figs. 13 and 14. 

[0085] FIG. 13 shows suspension control for the case where the vibration level 
increases during travel on a rough road section, which corresponds to the advance control of the 
suspension. In this case, the control value is switched to an optimum control value for a rough 
road having a large vibration level before the vibration level increases. Accordingly, it is 
possible to travel without sense of discomfort, i.e., without any control delay resulting in a larger 
than expected shock. In this case, in a period shown by time tl 1 , the optimum control value 
with respect to the rough road having the large vibration level is calculated before reaching a 
point where the vibration level actually increases, and the control value of the suspension is 
changed. 

[0086] FIG. 14 shows the case where the vibration level decreases to small value during 
travel on the rough road section, which corresponds to the advance control of the suspension. In 
this case, the suspension control apparatus switches the control value to the optimum control 
value for a rough road having a small level of vibration stepwise after the vibration level actually 
decreases, that is, the advance control is not executed. This is because it is impossible to absorb 
the vibration of the road surface on which the vehicle 1 1 is traveling currently if the advance 
control for the lower shock is executed, whereby the vibration is increased and a sense of 
discomfort is sensed by the passenger. In this case, in a period shown as time t21, the optimum 
control value is calculated stepwise after reaching the switching point, and the suspension control 

21 



value is changed. 

[0087] Next, learning of the road surface condition will be described with reference to 
Figs. 15-19. 

[0088] The suspension control apparatus 10 preferably has a capability for learning the 
road surface profile, in order to execute the advance control with higher precision. In 
conventional learning of the road surface profile, since the learning is based on the swing 
(vertical acceleration) of the vehicle body in actual travel and swing of the vehicle body occurs in 
the case that the vehicle speed is high and the vehicle weight is low, even in travel of a road 
section which is not registered as a rough road because of little irregularity in its surface, such a 
road section will be registered as a rough road section. Thus, in such a case, learning is 
imprecise and control is sometimes improperly executed under certain vehicle conditions. 

[0089] Accordingly, in the learning of the road surface profile in accordance with the 
present embodiment, as shown in FIG. 1 5, the road surface amplitude and the road surface 
wavelength are both used to express the road surface profile, with simultaneous determination of 
other factors such as the vehicle speed and the vehicle weight which affect swing of the vehicle 
body in actual travel, and such other factors are stored along with the road surface wave 
amplitude and wavelength. In this case, since the road surface profile (the road surface 
amplitude and the road surface wavelength) is stored instead of storing the detected swing of the 
vehicle body of an assumed fixed weight in the conventional manner, it is possible to execute 
advance control of the suspension with high precision by considering the vehicle state, e.g., 
weight and speed, when the same road section is again traveled. 
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[0090] Next, the procedure of the learning of the road surface profile will be described. 
In the learning of the road surface wavelength, the suspension control unit 30 determines a 
wavelength X of the road surface for a rough road section based on the interval between times Tl 
and T2 for peak points in the vertical position of the vehicle body in actual travel, that is, points 
where motion of the vehicle body in the vertical direction changes between ascending and 
descending, and further based on vehicle speed V at these peak points, as shown in FIG. 16. The 
suspension control unit 30 can determine the point in time when the vertical motion of the 
vehicle changes from the ascending to the descending, based on the acceleration of the vehicle 
body in the vertical direction received from the vertical acceleration sensor 41 included in the 
control condition information received from the suspension unit 40. 

[0091] The time interval between the peak points and the wavelength X of the road 
surface can be determined in accordance with the following formulas (2) and (3). 

[0092] Time interval of peak points = T2-T1 (2) 

[0093] Wavelength X of road surface = time interval of peak points X vehicle speed 
= (T2-Tl)xV (3) 

[0094] In learning the wave amplitude of the road surface, the suspension control unit 
30 prepares the learning maps as shown in FIGS. 17 to 19 for the road surface vibration 
frequency N determined in accordance with the formula (1), based on the vertical acceleration of 
the vehicle body received from the vertical acceleration sensor 41, the vehicle weight received 
from the vehicle weight sensor 29, and the wavelength X of the road surface and the vehicle 
speed V, obtained as the vehicle 1 1 actually travels the road, and determines the road surface 
amplitude. The suspension control unit 30 prepares, based on the vehicle weight received from 
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the vehicle weight sensor 29, the learning map as shown in FIG. 17 in the case that the vehicle 
weight is high, the learning map as shown in FIG. 18 in the case that the vehicle weight is mid- 
range, and the learning map as shown in FIG. 19 in the case that the vehicle weight is low. The 
numeric values of the vertical acceleration and the road surface vibration frequency N shown in 
the learning maps are shown only by way of example. Further, while both the vertical 
acceleration and the road surface vibration frequency N are shown classified into three stages, 
both may be classified into two stages, four stages or more. It is desirable that the road surface 
amplitude (small or low), the road surface amplitude (mid-range) and the road surface amplitude 
(large or high) in the learning maps shown in FIGS. 17 to 19 coincide with the respective road 
surface amplitudes Y in the suspension control maps shown in FIGS. 4 and 9 to 1 1, however, it is 
not necessary that they always coincide. 

[0095] Next, use of the road surface profile will be described with reference to Fig. 20. 
As shown in FIG. 20, an information center 50 has an information providing server 51 and a 
communication apparatus 52. In this case, the information providing server 51 is a computer 
provided with computing means such as a CPU or an MPU, memory means such as a 
semiconductor memory, a magnetic disc or an optical disc, and a communication interface. 
Further, the information providing server 51 is connected to a network (not shown) via the 
communication apparatus 52, and can communicate with the suspension control apparatus 10 in a 
vehicle 1 la corresponding to a vehicle A and a vehicle 1 lb corresponding to a vehicle B, via the 
network. In this case, the network may be any communication line network such as a wired or 
wireless public communication line network, a private communication line network, a cellular 
phone line network, internet, intranet, a LAN, a WAN (wide area network), a satellite 
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communication network or a combination thereof. Further, the communication may be achieved 
by utilizing CS broadcasting or BS broadcasting in cooperation with a broadcasting satellite. The 
communication may be ground-based digital television broadcasting, FM multiplex broadcasting, 
or a system utilizing optical beacons or radio beacons placed along the side of the road. 

[0096] The communication means of the suspension control apparatus 10 in vehicle 11a 
transmits the road surface profile, for the predetermined rough road section learned by the 
suspension control unit 30, to the information providing server 51 . In this case, position 
information specifying the position of the rough road section is also transmitted. Then, the 
information providing server 51 stores the road surface profile of the rough road section in the 
memory means, and registers the rough road section. Subsequently, when the suspension control 
apparatus 10 of the vehicle 1 lb traveling toward the rough road section transmits a request for 
the road surface profile to the information providing server 51, the information providing server 
5 1 transmits the road surface profile of the rough road section corresponding to the registered 
section to the suspension control apparatus 10 of the vehicle lib. Accordingly, the suspension 
control unit 30 of the suspension control apparatus 10 of the vehicle 1 lb can execute suitable 
suspension control based on the road surface profile of the rough road section received by the 
communication means. 

[0097] As mentioned above, it is possible to upload the road surface profile learned by 
the suspension control unit 30 of one vehicle 1 la onto the network to enable distribution of the 
learned profile to the suspension control apparatus 10 of vehicle 1 lb and other vehicles. 
Accordingly, even in the case where a road section is only temporarily a "rough road section," 
e.g., due to road construction, the first vehicle 1 la to travel that section registers it in the 
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information providing server 51, whereby the suspension control apparatus 10 of other vehicles, 
e.g., vehicle 1 lb, can execute advance control corresponding to the rough road section. In other 
words, it is possible to properly execute the advance control of the suspension by registering the 
road surface profile in the information providing server 51 so as to share the road surface profile 
in common. 

[0098] Further, in the case where the information providing server 5 1 stores 
information such as traffic information, road construction information and/or disaster 
information, such as a VICS (R), it is possible to share the road surface profile in common with a 
higher precision, by combining such information with the road surface profile for the registered 
section. 

[0099] A routine executed by the suspension control apparatus 10 of the vehicle is 
shown in Fig. 21. As shown in Fig. 21, first, the sensor unit 20 executes vehicle information 
acquisition. The vehicle information acquisition involves acquiring the travel environment 
information corresponding to the vehicle information output by the navigation apparatus 21, and 
the travel state information corresponding to the vehicle information output by the vehicle speed 
sensor 24, the steering sensor 25, the turn signal sensor 26, the accelerator sensor 27, the brake 
sensor 28 and the vehicle weight sensor 29. 

[0100] The navigation apparatus 21 detects the current position of the vehicle 1 1 
corresponding to its own position, searches for a route to the destination, provides guidance for 
travel of the route, determines the specified section, searches points and/or facilities, displays a 
map on the screen of the display means, displaying the current position of the vehicle 1 1 , the 
route from the current position to the destination and information for guidance along the route on 

26 



the map. Further, if it is determined that the vehicle 1 1 has reached a predetermined position 
close and in advance of the registered section based on the current position of the vehicle 11, the 
navigation apparatus 21 starts execution of a travel environment recognition routine (step SI). 
The travel environment recognition routine involves processing the travel environment 
information required for the suspension control, such as the length of the registered section and 
the road surface profile. 

[0101] The sensor unit 20 transmits travel environment information and travel state 
information which correspond to the control element information to the suspension control unit 
30 (step S2). 

[0102] Thus, in step SI, vehicle information acquisition routine is executed and in step 
S2, the control element information transmitting routine is executed, and the routine is finished. 

[0103] FIG. 22 is a flow chart of the routine executed by the suspension control unit 30 
as step SI in Fig. 21 . First, the suspension control unit 30 receives and processes the control 
condition information transmitted by the suspension unit 40 (step S10). Accordingly, the 
suspension control unit 30 acquires information for vertical acceleration of the spring upper 
portion as output by the vertical acceleration sensor 41, and the results of control executed by the 
damping force adjusting mechanism 42, the spring rate adjusting mechanism 43 and the vehicle 
height adjusting mechanism 44. 

[0104] Subsequently, the suspension control unit 30 processes the control element 
information received from the sensor unit 20 (step SI 1). Accordingly, the suspension control 
unit 30 acquires the travel environment information such as the length of the registered section 
and the road surface profile, and the travel state information output by the vehicle speed sensor 
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24, the steering sensor 25, the turn signal sensor 26, the accelerator sensor 27, the brake sensor 
28 and the vehicle weight sensor 29. 

[0105] Subsequently, the suspension control unit 30 prepares an optimum control 
instruction based on the travel environment information, the travel state information and the 
previous control result which correspond to the control element information (step SI 2). 

[0106] Subsequently, the suspension control unit 30 transmits the control instruction to 
the suspension unit 40 corresponding to the unit to be controlled (step SI 3). 

[0107] Summarizing, 

[0108] in step S10, the control condition information receiving processing is executed; 

[0 1 09] in step S 1 1 , the control element information receiving processing is executed; 

[0110] in step S 12, the control instruction preparing processing is executed; and 

[0111] in step SI 3, the control instruction transmitting processing is executed and the 
processing is finished. 

[0112] A subroutine for the control instruction preparation (step S12 in FIG. 22) is 
shown in FIG. 23. First, the suspension control unit 30 determines and corrects error by 
comparing the actual road information with the road information stored in the map data base, 
based on the control condition information received from the suspension unit 40, and the control 
element information received from the sensor unit 20 (step S 1 2- 1 ). In this case, the road 
information correcting routine is utilized in learning the road shape. 

[0113] Next, the suspension control unit 30 executes calculation of a rough road 
optimum control value for a rough road section included in the control instruction transmitted to 
the suspension unit 40, based on the control element information received from the sensor unit 
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20 (step S 1 2-2). In this case, the rough road control value calculation is utilized in executing 
the advance control of the suspension on the rough road. 

[0114] A subroutine for the road information correction (SI 2-1 in FIG. 23) is illustrated 
by the flow charts shown in Figs. 24 and 25. The road information correction subroutine (Figs. 
24 and 25) is executed once every current position renewal interval, e.g., each 100 meters. First, 
the suspension control unit 30 acquires the vertical acceleration output by the vertical 
acceleration sensor 41 of the suspension unit 40 (step S 12-1-1). Subsequently, the suspension 
control unit 30 determines whether or not a rough road approach flag is "ON" (step SI 2- 1-2). 
The rough road approach flag is a flag for determining whether or not the current position of the 
vehicle 1 1 is within the rough road section, i.e., is turned "ON" in the case that the vehicle 1 1 has 
entered the rough road section, and is turned "OFF" in the case that the vehicle 1 1 has left the 
rough road section. 

[0115] In the case that the rough road approach flag is in the "ON" state, the suspension 
control unit 30 proceeds to step SI 2- 1-3 wherein it determines whether or not the vertical 
acceleration is equal to or greater than a predetermined value. If "OFF" the routine proceeds to 
step S12-1-13. The predetermined value utilized in step S12-1-3 is a value for determining 
whether or not the current position of the vehicle 1 1 is within the rough road section, and 
generally expresses the magnitude of a minimum vibration which can be felt by a human, 0.05 
m/s 2 for example, but can be appropriately changed. In the case that the vertical acceleration is 
not equal to or greater than the predetermined value, the suspension control unit 30 determines 
that the current position of the vehicle 1 1 is not within the rough road section and has left the 
rough road section, and turns "OFF" the rough road approach flag (step SI 2- 1-4). 
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Subsequently, it calculates a difference between a distance from a predetermined position to the 
position where the vehicle 1 1 has entered the rough road, that is, a rough road approach distance, 
and a distance from the predetermined position to the current position of the vehicle 1 1 , that is, a 
current distance, and sets the difference as a rough road travel distance (SI 2-1-5). Subsequently, 
it calculates a difference between the time when the vehicle 1 1 entered the rough road, that is, a 
rough road approach time, and the current time, and sets the difference as a rough road travel 
time (SI 2- 1-6). It then calculates actual road environment information including the amplitude 
of the road surface and the wavelength (SI 2- 1-7). Subsequently, it acquires the road 
environment information, including the amplitude of the road surface and the wavelength, stored 
in the memory means (S 1 2- 1 -8). It then executes coincidence determination by comparing the 
stored road environment information with the actual road environment information, and corrects 
the stored road environment information accordingly (S 1 2-1 -9). After passing through the rough 
road section, the suspension control unit 30 finishes the road information correction subroutine. 

[0116] As mentioned above, when the detected vertical acceleration is equal to or 
greater than the predetermined value, the suspension control unit 30 determines that the vehicle 
1 1 is traveling on a rough road section, and executes control for travel on the rough road. 

[0117] In execution of the control routine for travel on a rough road, the suspension 
control unit 30 first determines whether or not the previous trip acceleration at every current 
position renewal interval (renewal time) is positive and vertical acceleration at every current 
position renewal interval in the current trip is negative. If such a condition is not satisfied, the 
control processing for travel on a rough road is terminated. However, if such condition is 
satisfied, the suspension control unit 30 stores the vertical acceleration information for both the 
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previous trip and the current trip at every current position renewal interval (S 12- 1-1 1). 
Subsequently, the suspension control unit 30 increments the peak point counter (S12-1-12), that 
is, increases the count of the peak point counter, and finishes the routine for travel on a rough 
road. The peak point counter counts peaks in the rough road section. 

[0118] Further, the suspension control unit 30 acquires the vertical acceleration 
information after finishing the routine for travel on the rough road, and finishes the road 
information correcting routine (S 1 2- 1 - 1 8). 

[0119] As mentioned above, in the case that the rough road approach flag is "OFF", the 
suspension control unit 30 determines whether or not the vertical acceleration is equal to or 
greater than a predetermined value (S 12- 1-13). The predetermined value is the same as the 
predetermined value mentioned above. In the case that it is not equal to or greater than the 
predetermined value, the suspension control unit 30 terminates the road information correction 
routine. In the case that it is equal to or greater than the predetermined value, the suspension 
control unit 30 determines that the vehicle 1 1 has entered the rough road section and starts 
execution of routine at the time of entering the rough road section for initializing or storing the 
information required for calculating the shape of the rough road. 

[0120] The suspension control unit 30 first turns on the rough road approach flag at the 
time of entering the rough road. Subsequently, it acquires the rough road approach distance and 
acquires the rough road approach time (S 1 2- 1 - 1 4). It then clears the peak point counter and 
finishes the preparation for entering the rough road section (S 12-1-17). 

[0121] The suspension control unit 30 acquires the vertical acceleration information 
after finishing the processing for entering the rough road section, and finishes the road 
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information correcting routine of Fig. 24. 

[0122] The routine of Figs. 24 and 25 is summarized as follows: 
[0123] In step S 1 2- 1 - 1 , the vertical acceleration is acquired. 

[0124] In step SI 2- 1-2, it is determined whether or not the rough road approach flag is 
"ON". In the case that the rough road approach flag is "ON", the routine proceeds to step SI 2-1- 
3, and in the case that the rough road approach flag is "OFF", the routine proceeds to step SI 2-1- 
13. 

[0125] In step S 12-1-3, it is determined whether or not the vertical acceleration is equal 
to or more than the predetermined value. In the case that the vertical acceleration is equal to or 
more than the predetermined value, the routine proceeds to step SI 2-1 -10, and in the case that the 
vertical acceleration is smaller than the predetermined value, the routine proceeds to step SI 2-1- 
4. 

[0 1 26] In step S 1 2- 1 -4, the rough road approach flag is turned "OFF". 

[0127] In step SI 2- 1-5, the rough road travel distance is calculated by subtracting the 
current distance from the rough road approach distance. 

[0128] In step S 1 2- 1 -6, the rough road travel time is calculated by subtracting the 
current time from the rough road approach time. 

[0129] In step SI 2- 1-7, the actual road environment information is calculated. 

[0130] In step S 1 2- 1 -8, the road environment information is acquired. 

[0131] In step S 1 2- 1 -9, the coincidence between the road environment information is 
determined, the actual road environment information and the road environment information 
correcting routine is executed, and the processing is finished. 
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[0132] In step S 1 2- 1 - 1 0, it is determined whether or not the previous vertical 
acceleration is larger than 0 and current vertical acceleration is smaller than 0. In the case that 
the previous vertical acceleration is larger than 0 and current vertical acceleration is smaller than 
0, the routine proceeds to step S 12-1-1 1, and in the case that the previous vertical acceleration is 
equal to or less than 0 and current vertical acceleration is equal to or more than 0, the routine 
proceeds to step SI 2-1 -18. 

[0133] In step S12-1-1 1, the vertical acceleration information is stored. 

[0134] In step S12-1-12, the peak point counter is incremented. 

[0135] In step S 1 2- 1 - 1 3 , it is determined whether or not the vertical acceleration is 
equal to or more than the predetermined value. In the case that the vertical acceleration is equal 
to or more than the predetermined value, the routine proceeds to step S 12-1 -14, and in the case 



that the vertical acceleration is 


smaller than the predetermined value, the processing is finished. 


[0136] 


InstepS12-l- 


■14, the rough road approach flag is turned "ON". 


[0137] 


InstepS12-l- 


•15, the rough road approach distance is acquired. 


[0138] 


Instep S12-1- 


■16, the rough road approach time is acquired. 


[0139] 


Instep S12-1- 


■17, the peak point counter is cleared. 


[0140] 


InstepS12-l- 


•18, the vertical acceleration information is acquired, and the 



processing is finished. 

[0141] A subroutine for actual road environment information calculating (step S 1 2- 1 -7 
in FIG. 24) is shown in Fig. 26. In the subroutine of Fig. 26 the suspension control unit 30 first 
calculates the road surface wavelength from the rough road travel distance, the rough road travel 
time, and the peak score. 
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[0142] In the wavelength calculating, the suspension control unit 30 first acquires the 
rough road travel distance (step SI 2- 1-7-1), acquires the rough road travel time (step SI 2- 1-7-2), 
and acquires the peak score (SI 2- 1-7-3). Subsequently, it calculates the vehicle speed V by 
dividing the rough road travel distance by the rough road travel time (step SI 2- 1-7-4), calculates 
an average time between the peaks by dividing the rough road traveling time by the peak score 
(step SI 2- 1-7-5), and calculates the wavelength X of the road surface by multiplying the average 
time between the peaks by the vehicle speed V (step SI 2- 1-7-6). Stated differently, the vehicle 
speed V, the average time between the peaks and the wavelength X of the road surface can be 
determined in accordance with the following formulas (4) to (6). 

[0143] Vehicle speed V = rough road travel distance/rough road travel time (4) 
[0 1 44] Average time between peaks = rough road travel time/peak score (5) 
[0146] Wavelength X of road surface = average time between peaks X vehicle speed V 

(6) 

[0147] Subsequently, the suspension control unit 30 calculates road surface amplitude 
Y based on the road surface vibration frequency N determined from the calculated wavelength X 
of the road surface and the vehicle speed V, and the control map determined from the vehicle 
weight. 

[0148] In the road surface amplitude calculating routine, the suspension control unit 30 
first calculates the road surface vibration frequency N by dividing the vehicle speed V by the 
wavelength X of the road surface, in accordance with the formula (1) (step SI 2-1 -7-7). 
Subsequently, it acquires the vehicle weight (step SI 2- 1-7-8), and determines whether or not the 
vehicle weight is less than a predetermined value defining a mid-range vehicle weight (step SI 2- 
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1-7-9). In the case that the vehicle weight is less than the predetermined value, the suspension 
control unit 30 determines that the vehicle weight is low. In the case that the vehicle weight is 
not less than the predetermined value defining the mid-range vehicle weight, the suspension 
control unit 30 determines whether or not the vehicle weight is less than a predetermined value 
defining a high vehicle weight. In the case that the vehicle weight is less than the predetermined 
value defining the high vehicle weight, the suspension control unit 30 determines that the vehicle 
weight is mid-range. In the case that the vehicle weight is not less than the predetermined value 
defining the high vehicle weight, the suspension control unit 30 determines that the vehicle 
weight is high. 

[0149] In this case, the predetermined values defining the mid-range vehicle weight and 
the high vehicle weight are the same as the reference values utilized by the suspension control 
unit 30 to determine that the vehicle weight is mid-range or high in the learning of the road 
surface profile described above. Further, the predetermined values defining mid-range vehicle 
weight and high vehicle weight, used to differentiate between high, mid-range and low vehicle 
weights may be set in accordance with the type of the vehicle, or may be defined to correspond to 
the number of passengers for each type of vehicle. 

[0150] In the case that the suspension control unit 30 determines that the vehicle weight 
is low, it reads out the learning map for low vehicle weight, as shown in FIG. 19, from the 
memory means (step SI 2- 1-7- 10). In the case that it determines that the vehicle weight is mid- 
range (medium), it reads out the learning map for mid-range vehicle weight, as shown in FIG. 18, 
from the memory means (step S12-1-7-12). Where it determines that the vehicle weight is high, 
it reads out the learning map for high vehicle weight, as shown in FIG. 17, from the memory 
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means (step SI 2- 1-7- 13). Further, it acquires the amplitude of the road surface based on the road 
surface vibration frequency N and the vertical acceleration, in accordance with the learning map 
corresponding to the vehicle weight (step SI 2- 1-7- 14). 

[0151] Thus, the subroutine for calculating actual road environment information (Fig. 



26) proceeds as follows. 




[0152] 


InstepS12-l- 


■7-1, the rough road travel distance is acquired. 


[0153] 


InstepS12-l- 


•7-2, the rough road travel time is acquired. 


[0154] 


InstepS12-l 


-7-3, the peak score is acquired. 


[0155] 


InstepS12-l- 


-7-4, the vehicle speed V is calculated. 


[0156] 


InstepS12-l 


-7-5, the average time between the peaks is calculated. 


[0157] 


InstepS12-l 


-7-6, the wavelength X of the road surface is calculated. 


[0158] 


In step S12-1 


-7-7, the road surface vibration frequency N is calculated. 


[0159] 


InstepS12-l 


-7-8, the vehicle weight is acquired. 


[0160] 


InstepS12-l 


-7-9, it is determined whether or not the vehicle weight is smaller 



than the predetermined value for mid-range vehicle weight. In the case that the vehicle weight is 
smaller than the predetermined value for mid-range vehicle weight, the routine proceeds to step 
SI 2- 1-7- 10, and in the case that the vehicle weight is equal to or more than the predetermined 
value for mid-range vehicle weight, the routine proceeds to step S 12-1-7-1 1. 

[0161] In step S 1 2- 1 -7- 1 0, the map for low vehicle weight is read out. 

[0 1 62] In step S 1 2- 1 -7- 1 1 , it is determined whether or not the vehicle weight is smaller 
than the predetermined value for high vehicle weight. In the case that the vehicle weight is 
smaller than the predetermined value for high vehicle weight, the routine proceeds to step SI 2-1- 
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7-12, and in the case that the vehicle weight is equal to or more than the predetermined value for 
high vehicle weight, the routine proceeds to step S 12-1-7-1 3. 

[0163] In step S12-1-7-12, the map for mid-range vehicle weight is read out. 

[0164] In step S12-1-7-13, the map for high vehicle weight is read out. 

[0165] In step S12-1-7-14, the amplitude is acquired based on the road surface vibration 
frequency N and the vertical acceleration from the map corresponding to the vehicle weight, and 
the subroutine is finished. 

[01 66] The subroutine for determining coincidence between the road environment 
information acquired from memory in step SI 2- 1-7-4 and the actual road environment 
information and correction of the road environment information acquired from memory (step 
SI 2- 1-9 in FIG. 24) is shown as a flow chart in Fig. 27. By execution of the subroutine 
illustrated in Fig. 27, the suspension control unit 30 determines error as a difference between the 
calculated actual road environment information, and the road environment information acquired 
from memory. 

[0167] In accordance with the subroutine of Fig. 27, the suspension control unit 30 first 
determines whether or not the road surface amplitude included in the road environment 
information acquired from memory and the road surface amplitude included in the actual road 
environment information differ by two stages or more (SI 2- 1-9-1). For example, it determines 
whether or not the road surface amplitude included in the road environment information acquired 
from memory is high, and the road surface amplitude included in the actual road environment 
information is low. In this case, it is assumed that road surface amplitudes are classified into 
three stages as high, mid-range or low, as shown in FIGS. 17 to 19. Further, it is assumed that a 
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difference of two or more stages is significant, and a difference of one stage is not significant. 
The number of stages determining a significant difference can be appropriately changed for 
different rough road sections. 

[0168] If the difference is two stages or more, the suspension control unit 30 corrects 
the road surface amplitude stored in memory in accordance with the actual road environment 
information (SI 2- 1-9-3) and subsequently corrects the road surface vibration frequency included 
in the road environment information stored in memory in accordance with the road surface 
vibration frequency included in the actual road environment information. In other words, it 
corrects the road environment information in memory in accordance with the actual road 
environment information (step S 1 2- 1 -9-2 and step S 1 2- 1 -9-4). The coincidence determination 
subroutine is then finished. 

[0169] If the difference between the road surface amplitude included in the road 
environment information in memory and the road surface amplitude included in the actual road 
environment information is not at least two stages, the suspension control unit 30 determines 
whether or not the difference between the road surface vibration frequency included in the road 
environment information in memory and the road surface vibration frequency included in the 
actual road environment information corresponds to two stages or more (step SI 2- 1-9-2). For 
example, it determines whether or not the road surface vibration frequency included in the stored 
map road environment information is high, and the road surface vibration frequency included in 
the actual road environment information is low. In this case, it is assumed that the road surface 
vibration frequencies are classified into three stages as high, mid-range and low, as shown in 
FIGS. 17 to 19. Further, it is assumed that a difference of two stages or more is significant, and a 
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difference of one stage is not significant. In this case, the number of stages used in rating 
different levels of road surface vibration and the number of stages determining a significant 
difference can be appropriately changed for different rough road sections. In other words, while 
three stages (small, middle and large) are exemplified in Figs. 17, 18 and 19, further division into 
four or more stages is possible. 

[0170] If the difference is two stages or more, the suspension control unit 30 corrects 
the stored map road environment information in accordance with the actual road environment 
information, and finishes the coincidence determination and road environment information 
correction. If the difference is two stages or more, the suspension control unit 30 does not 
correct the stored map road environment information, and finishes the coincidence determination 
and the road environment information correction. 

[0171] Summarizing, the subroutine of Fig. 27, 

[0 1 72] in step S 1 2- 1 -9- 1 , it is determined whether or not the difference between the 
stored road amplitude and the actual road amplitude is two stages or more. In the case that a 
difference between the stored road amplitude and the actual road amplitude is two stages or 
more, the routine proceeds to step S 12-1 -9-3, and in the case that the difference is not at least two 
stages, the routine proceeds to step SI 2- 1-9-2. 

[0 1 73 ] In step S 1 2- 1 -9-2, it is determined whether or not the difference between the 
stored road vibration frequency and the actual road vibration frequency is two stages or more. If 
the difference between the stored road vibration frequency and the actual road vibration 
frequency is two stages or more, the routine proceeds to step SI 2- 1-9-3, and if the difference is 
not at least two stages, the subroutine is finished. 
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[0174] In step S12-1-9-3, the stored road amplitude is changed to the actual road 
amplitude. 

[0175] In step S12-1-9-4, the stored road vibration frequency is changed to the actual 
road vibration frequency, and the subroutine is finished. 

[0176] A subroutine for calculating a rough road control value (step SI 2-2 in FIG. 23) 
is illustrated by the flow chart of Fig. 29. 

[01 77] FIG. 28 shows a relationship between a current position and a node point used in 
the rough road control value calculation. 

[0178] The subroutine for calculating the rough road control value is executed each 
time the current position is renewed (determined), e.g., every 100 meters. In other words, the 
suspension control unit 30 repeatedly executes the rough road value calculation of the rough road 
control value, i.e., suspension control value for a rough road section each time the current 
position is determined. 

[0179] The suspension control unit 30 first initializes the maximum suspension control 
value so as to set the value to 0 (step SI 2-2-1), and subsequently initializes the control value for 
each of the node points so as to set the value to 0. Subsequently, the suspension control unit 30 
sequentially calculates the control value for each node point within a range between 30 m to the 
rear of the current position of the vehicle 1 1 and 100 m ahead of the current position, as shown in 
FIG. 28. Further, it compares this most recent control value for each node, calculated every time 
current position is renewed, with the previously calculated maximum control value (the initial 
value = 0) and sets the larger of the two valves as the maximum control value, thus renewing the 
maximum control value. In this case, the maximum control value is a value which does not 
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allow a sense of discomfort at a point where discomfort is most frequently felt, and is 
experimentally determined. In the embodiment shown in FIG. 28, for example, the maximum 
control value is 5. 

[0180] In this case, the suspension control unit 30 starts execution of a control loop, i.e., 
sequential execution from the furthest rear node point within a range from 30 m to the rear of the 
current position of the vehicle 1 1 to 100 m ahead of the current position, toward the furthest front 
node point (step S 12-2-3). In other words, in the example shown in FIG. 28, the control loop is 
sequentially executed for each of the node points, from the node point 1 to the node point 5. 

[0181] In the control loop mentioned above, the suspension control unit 30 first 
calculates the distance from the current position to the node point to be processed (subject node) 
(SI 2-2-4). Subsequently, it determines whether or not the distance to the node point is more than 
+ 100 m, that is, whether or not the node point is within a range extending to 100 m ahead of the 
current position (step SI 2-2-5). In the case that it is within that range, the suspension control 
unit 30 then determines whether or not the node point is in a road section registered in correlation 
with the rough road information (step SI 2-2-6). In the case that the node point is outside 
(beyond) that range, the suspension control unit 30 exits the control loop, and finishes the rough 
road control value calculating subroutine. 

[01 82] In the case that the node point is on a registered rough road section, the 
suspension control unit 30 calculates a control value for the node as described above (step SI 2-2- 
7). Further, it then determines whether or not the control value calculated for the node is larger 
than the maximum control value (step SI 2-2-8). In the case that the control value calculated for 
the node is larger than the maximum control value, the suspension control unit 30 renews the 

41 



maximum control value calculated for the node mentioned as a new maximum control value 
(step SI 2-2-9) so as to finish the control loop for that node (step SI 2-2-10), and starts the control 
loop for the next node point. 

[01 83] In the case that the node is not on a registered rough road section, the suspension 
control unit 30 exits the loop immediately, and starts the control loop for the next node point. 
Further, if it is determined that the node control value is not larger than the maximum control 
value, the suspension control unit 30 exits the control loop immediately, and starts the control 
loop for the next node point. 

[0 1 84] Upon finishing the control loop for all the node points within the range between 
30 m to the rear of the current position of the vehicle 1 1 and 100 m ahead of the current position, 
the suspension control unit 30 executes the control value calculating subroutine described below, 
calculates the optimum control value on the rough road, which is included in the control 
instruction transmitted to the suspension unit 40, each time the current position is renewed (step 
SI 2-2-1 1), and finishes the rough road control value calculating subroutine. 

[0 1 85] The subroutine for calculation of the rough road control values may be 
summarized as follows. 

[0 1 86] In step S 1 2-2- 1 , the maximum control value is initialized. 

[0187] In step S 1 2-2-2, the node control value is initialized. 

[0 1 88] In step S 1 2-2-3, the loop is started in sequence from the rear node point toward 
the front node point. 

[0189] In step SI 2-2-4, the distance to the node point is calculated. 

[0190] In step SI 2-2-5, it is determined whether or not the distance to the node point is 
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more than 100 m. If the distance to the node point is more than 100 m, the subroutine is finished. 
In the case that the distance to the node point is not more than 100 m, the routine proceeds to step 
S12-2-6. 

[0191] In step S 1 2-2-6, it is determined whether or not the node point lies on a road 
section registered as a rough road section. In the case that it does lie on a registered rough road 
section, the routine proceeds to step SI 2-2-7. In the case that it does not lie on a rough road 
section, the routine proceeds to step S 12-2-10. 

[0 1 92] In step S 1 2-2-7, it calculates the node control value. 

[0193] In step S 12-2-8, it is determined whether or not the maximum control value is 
smaller than the node control value. In the case that the maximum control value is smaller than 
the node control value, the routine proceeds to step SI 2-2-9. In the case that the maximum 
control value is equal to or larger than the node control value, the routine proceeds to step SI 2-2- 
10. 

[0194] In step SI 2-2-9, the maximum control value is reset equal to the node control 

value. 

[0195] In step S 1 2-2- 1 0, the control loop is finished. 

[0196] In step SI 2-2-1 1, it calculates the control value, and finishes the routine. 

[0197] The subroutine for calculating control values by node (step S 12-2-7 in FIG. 29) 
illustrated as a flow chart in Fig. 30. 

[0198] In the subroutine illustrated in Fig. 30, the suspension control unit 30 calculates 
a damping force adjusting value specific for the forward road surface based on the wavelength 
and amplitude information for that road surface stored in the memory means, the vehicle speed 
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and the vehicle weight. The suspension control unit 30 determines the road surface vibration 
frequency N, selects the map for adjusting the damping force from the vehicle weight, and 
determines the damping force adjusting value corresponding to the road surface vibration 
frequency N and the road surface amplitude Y, based on the selected map, 

[0199] In executing the subroutine of Fig. 30 the suspension control unit 30 first 
acquires the wavelength X of the road surface and the road surface amplitude Y (step SI 2-2-7-1), 
and subsequently acquires the vehicle speed V (step SI 2-2-7-1). Further, it calculates the road 
surface vibration frequency N by dividing the vehicle speed V by the wavelength X (step SI 2-2- 
7-3). Stated differently, the road surface vibration frequency N is determined in accordance 
with the following formula (7). 

[0200] Road surface vibration frequency N = vehicle speed V/wavelength X (7) 
[0201] Subsequently, the suspension control unit 30 acquires the vehicle weight (step 
S 12-2-7-4), and determines whether or not the vehicle weight is less than the predetermined 
value defining the mid-range (medium) vehicle weight (step S 12-2-7-5). Further, in the case that 
the vehicle weight is less than the predetermined value defining the mid-range vehicle weight, it 
determines that the vehicle weight is low. In the case that the vehicle weight is not less than the 
predetermined value defining the mid-range vehicle weight, the suspension control unit 30 
determines whether or not the vehicle weight is less than the predetermined value defining high 
vehicle weight (step SI 2-2-7-2). In the case that the vehicle weight is less than the 
predetermined value defining high vehicle weight, the suspension control unit 30 determines that 
the vehicle weight is mid-range. In the case that the vehicle weight is not less than the 
predetermined value defining the high vehicle weight, the suspension control unit 30 determines 

44 



that the vehicle weight is high. 



[0202] The predetermined values defining the mid-range (medium) and high vehicle 
weights are the same as the reference values used in the suspension control based on the vehicle 
weight information previously described. 

[0203] In the case that the suspension control unit 30 determines that the vehicle weight 
is low, it reads out the suspension control map for low vehicle weight as shown in FIG. 1 1 from 
the memory means (step S 12-2-7-6). Further, in the case that it determines that the vehicle 
weight is mid-range (medium), it reads out the suspension control map for mid-range vehicle 
weight as shown in FIG. 10 from the memory means (step SI 2-2-7-8). In like manner, in the 
case that it determines that the vehicle weight is high, it reads out the suspension control map for 
high vehicle weight as shown in FIG. 9 from the memory means (step SI 2-2-7-9). Further, it 
acquires a hardness setting value (suspension control value) as the node control value by 
applying road surface amplitude Y and the road surface vibration frequency N for the node to the 
suspension control map read out from memory as corresponding to the determined vehicle 
weight (step SI 2-2-7- 10). 

[0204] The subroutine of the flow chart of Fig. 30 is summarized as follows. 

[0205] In step S 1 2-2-7- 1 , the wavelength X of the road surface and the amplitude Y are 
acquired for a node point. 

[0206] In step SI 2-2-7-2, the vehicle speed V is acquired. 

[0207] In step S 1 2-2-7-3 5 the road surface vibration frequency N is calculated. 

[0208] In step SI 2-2-7-4, the vehicle weight is acquired. 
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[0209] In step S 12-2-7-5, it is determined whether or not the vehicle weight is smaller 
than the predetermined value for the mid-range vehicle weight. In the case that the vehicle 
weight is smaller than the predetermined value for mid-range vehicle weight, the routine 
proceeds to step SI 2-2-7-6, and in the case that the vehicle weight is equal to or more than the 
predetermined value for mid-range vehicle weight, the routine proceeds to step SI 2-2-7-7. 

[0210] In step SI 2-2-7-6, the map for low vehicle weight is read out. 

[02 1 1 ] In step S 1 2-2-7-7, it is determined whether or not the vehicle weight is smaller 
than the predetermined value defining high vehicle weight. In the case that the vehicle weight is 
smaller than the predetermined value for high vehicle weight, the routine proceeds to step SI 2-2- 
7-8, and in the case that the vehicle weight is equal to or more than the predetermined value for 
high vehicle weight, the routine proceeds to step SI 2-2-7-9. 

[0212] In step SI 2-2-7-8, the map for the mid-range vehicle weight is read out. 

[02 1 3] In step S 1 2-2-7-9, the map for the high vehicle weight is read out. 

[0214] In step SI 2-2-7- 10, the hardness setting value is acquired based on the 
amplitude of the road surface and the road surface vibration frequency from the map 
corresponding to the vehicle weight, and execution of the subroutine is finished. 

[0215] A subroutine for the control value calculation (step S12-2-1 1 in FIG. 29) will 
now be described with reference to the flow chart of Fig. 3 1 . When there is a large difference 
between the current suspension control value and the maximum control value, a sense of 
discomfort is felt by passengers in the vehicle 1 1 if the suspension control value is set to the 
maximum control value. Accordingly, a maximum increment of change is made to the 
suspension control valve so as to prevent a sense of discomfort from being felt by the passengers 

46 



in the vehicle 1 1 . 

[0216] In the subroutine illustrated in Fig. 3 1 the suspension control unit 30 first 
acquires the maximum control value (step S12-2-1 1-1). Subsequently, it determines whether or 
not the difference between the current suspension control value and the maximum control value 
is larger than the maximum change amount (step SI 2-2-1 1-2). In the case that the difference is 
larger, the suspension control unit 30 adjusts the current suspension control value by adding to it 
the maximum change amount value upon each update (renewal) of the current position, and 
finishes execution of the subroutine (step S12-2-1 1-3). Further, in the case that the difference is 
not larger, the suspension control unit 30 resets the suspension control value to the maximum 
control value upon each update (renewal) of the current position, and finishes the subroutine 
(step SI 2-2- 11 -4). 

[02 1 7] The flow chart of Fig. 3 1 is summarized as follows. 

[02 1 8] In step S 1 2-2- 11-1, the maximum control value is acquired. 

[02 1 9] In step S 1 2-2- 1 1 -2, it is determined whether or not the difference between the 
maximum control value and the current suspension control value is larger than the maximum 
change amount. In the case that the difference between the maximum control value and the 
current suspension control value is larger than the maximum change amount, the routine 
proceeds to step SI 2-2-1 1-3. In the case that the difference between the maximum control value 
and the current suspension control value is equal to or smaller than the maximum change 
amount, the routine proceeds to step SI 2-2-1 1-4. 

[0220] In step SI 2-2-1 1-3, the value obtained by adding the maximum change amount 
to the current suspension control value is set as the suspension control value at every current 
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position renewing time, and the processing is finished. 

[0221] In step SI 2-2-1 1-4, the suspension control value is reset to the maximum control 
value upon each updating (renewal) of the current position and execution of the subroutine is 
finished. 

[0222] The routine executed by the suspension unit 40 is illustrated by the flowchart of 

Fig. 32. 

[0223] In executing the control routine illustrated in Fig. 32 the suspension unit 40 first 
receives control instruction information, such as the control instruction from the suspension 
control unit 30, and processes same (S21). Subsequently, the suspension unit 40 executes 
suspension control in accordance with the control instruction (S22). The suspension unit 40 
then processes control condition information, including the control results detected by various 
sensors such as the vertical acceleration sensor 41, and transmits same to the suspension control 
unit 30. 

[0224] The routine of Fig. 32 is summarized as follows. 

[0225] In step S21, the control instruction is received and processed. 

[0226] In step S22, the suspension control subroutine is executed. 

[0227] In step S23, the control condition information is processed and transmitted and 
the routine is finished. 

[0228] The suspension control subroutine (step S22 in FIG. 32) is illustrated as a flow 
chart in Fig. 33. In the suspension control subroutine, the suspension unit 40 determines 
whether or not the vehicle 1 1 is equipped with an active suspension, that is, whether or not the 
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suspension unit 40 itself is a suspension unit in an active suspension system which can recognize 
the current road surface profile and vibration from various sensors and automatically change the 
suspension control value. 

[0229] The suspension unit 40 first acquires the suspension control value received from 
the suspension control unit 30 (S22-1). Subsequently, it determines whether or not the vehicle 
1 1 is equipped with an active suspension system (S22-2). In the case that the vehicle 1 1 is not 
equipped with an active suspension, it sets the suspension control value received from the 
suspension control unit 30 to a recommended suspension control value corresponding to an 
actual suspension control target (S22-3). 

[0230] In the case that the vehicle 1 1 is equipped with an active suspension, the 
suspension unit 40 calculates an active suspension control value (S22-4). In this case the 
suspension unit 40, based on actual, current information for road surface state and the current 
vibration received from the various sensors, calculates an optimum suspension control value for 
use as an active suspension control value. Subsequently, the suspension unit 40 determines 
whether or not the active suspension control value is smaller than the suspension control value 
received from the suspension control unit 30 (S22-5). In the case that the active suspension 
control value is smaller, the suspension unit 40 sets the suspension control value received from 
the suspension control unit 30 as a recommended suspension control value. Further, in the case 
that the active suspension control value is not smaller, the suspension unit 40 sets the active 
suspension control value as the recommended suspension control value. 

[023 1] Finally, the suspension unit 40 changes the actual suspension control value to 
the recommended suspension control value (S22-8), and finishes execution of the suspension 
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control subroutine. 

[0232] The flow chart of Fig. 33 is summarized as follows. 

[0233] In step S22-1, the suspension control value received from the suspension control 
unit 30 is acquired. 

[0234] In step S22-2, it is determined whether or not the vehicle is equipped with an 
active-suspension system. If the vehicle is so equipped, the subroutine proceeds to step S22-3. 
In the case that the vehicle is not so equipped, the subroutine proceeds to step S22-4. 

[0235] In step S22-3, the suspension control value received from the suspension control 
unit 30 is reset to the recommended suspension control value. 

[0236] In step S22-4, the active suspension control value is calculated. 

[0237] In step S22-5, it is determined whether or not the active suspension control 
value is smaller than the suspension control value received from the suspension control unit 30. 
In the case that it is smaller, the routine proceeds to step S22-6. In the case that it is not smaller, 
the routine proceeds to step S22-7. 

[0238] In step S22-6, the suspension control value received from the suspension control 
unit 30 is set as the recommended suspension control value. 

[0239] In step S22-7, the active suspension control value is set as the recommended 
suspension control value. 

[0240] In step S22-8, the actual suspension control value is changed to the 
recommended suspension control value, and the processing is finished. 

[0241] As mentioned above, in accordance with the present embodiment, the 
suspension control unit 30 is structured so as to calculate the road surface vibration frequency 
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and the road surface amplitude based on the vertical acceleration of the vehicle acquired from the 
vertical acceleration sensor 41, to determine the road surface profile based on the road surface 
vibration frequency and the road surface amplitude, and to determine a suspension control value 
based on the road surface profile. 

[0242] Accordingly, it is possible to divide the road surface profile into the elements of 
road surface vibration frequency and road surface amplitude, or into road surface wavelength and 
road surface amplitude so as to store them in the memory means, whereby it is possible to 
execute fine-tuned suspension control. Further, since it is possible to utilize a road surface 
profile which is not restricted to a vehicle state such as the vehicle weight and/or the vehicle 
speed, it is possible to execute precise suspension control, and it is possible to share the same 
road surface profile information among a plurality of vehicles. 

[0243] Further, the suspension control unit 30 learns the road surface profile, and 
controls the suspension in advance based on the learned road surface profile. Accordingly, even 
if a time lag exists in the motion of the suspension unit 40, it is possible to execute a suspension 
control suitable for the road surface profile. Further, it is possible to execute the control so that 
passengers in the vehicle do not feel a sense of discomfort. 

[0244] As described in the foregoing, a suspension control apparatus according to a first 
aspect of the present invention has a vertical acceleration sensor for detecting a vertical 
acceleration of the vehicle; and a control unit for determining a road surface profile by estimating 
waves and irregularities in the road surface based on the vertical acceleration of the vehicle 
detected by the vertical acceleration sensor, and determining a suspension control value based on 
the road surface profile. Accordingly, it is possible to properly execute the suspension control 
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tailored to a specific, actual road surface profile, by executing the suspension control based on 
information obtained for the actual road surface profile. 

[0245] A suspension control apparatus according to the first aspect may be structured 
such that the control unit estimates the waves and the irregularities in of the road surface based 
on the vehicle speed and the vehicle weight of the vehicle. Accordingly, it is possible to properly 
determine the road surface profile. 

[0246] A suspension control apparatus according to a second aspect of the present 
invention has a vertical acceleration sensor for detecting a vertical acceleration of the vehicle; a 
vehicle speed sensor for detecting the vehicle speed; a weight sensor for detecting the vehicle 
weight; and a control unit for determining a road surface profile by estimating waves and 
irregularities in the road surface based on the vertical acceleration of the vehicle detected by the 
vertical acceleration sensor, the vehicle speed detected by the vehicle speed sensor and the 
vehicle weight detected by the weight sensor, and determining a suspension control value based 
on the thus determined road surface profile. Accordingly, in accordance with the second aspect 
also, it is possible to properly execute suspension control tailored to the actual road surface 
profile. 

[0247] A suspension control apparatus according to the second aspect of the present 
invention may further include current position detecting means for detecting current position of 
the vehicle, in which the control unit learns the road surface profile, and controls the suspension 
based on the learned road surface profile ahead of the current position of the vehicle. 
Accordingly, it is possible to properly execute suspension control based on the learned road 
surface profile. 
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[0248] A suspension control apparatus according to the present invention may be 
structured such that the control unit changes the suspension control value to a value suitable for 
the rough road section before the vehicle has entered the rough road section. Accordingly, even 
if a time lag exists in the motion of the suspension, it is possible to execute a suspension control 
suitable for the road surface profile. 

[0249] A suspension control apparatus according to the present invention may be 
structured such that the control unit changes the suspension control value from the value suitable 
for the rough road section after the vehicle has passed the rough road section. Accordingly, even 
if a time lag exists in the motion of the suspension, suitable suspension control is executed until 
the vehicle has completely passed the section of rough road. 

[0250] A suspension control apparatus for a vehicle according to the present invention 
may be structured such that the control unit changes the suspension control value to a value 
suitable for a section imparting to the vehicle a great level of vibration when the vehicle is 
traveling on a rough road section and before the vehicle has entered the section imparting the 
higher ("great") vibration level. Accordingly, even if a time lag exists in the motion of the 
suspension, suitable suspension control is executed when the vehicle enters the section having 
the higher vibration level. 

[025 1 ] A suspension control apparatus according to the present invention may be 
structured such that the control unit changes the suspension control value from the value suitable 
for the section having the higher level of vibration ("great vibration") when the vehicle is 
traveling on a rough road section and has passed the section having the higher level of vibration. 
In this case also, even if a time lag exists in the motion of the suspension, suitable suspension 
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control is executed until the vehicle has completely passed the section having the higher 
vibration level. A suspension control apparatus according to the present invention may be 
structured such that control unit controls suspension strength by controlling a damping force or a 
spring rate. Accordingly, since the suspension is controlled to have hardness suitable for the road 
surface profile, the passenger in the vehicle does not feel a sense of discomfort. 

[0252] A suspension control apparatus according to a third aspect of the present 
invention includes current position detecting means for detecting a current position of a vehicle; 
communication means for receiving a road surface profile of a registered road section from an 
information providing server; and a control unit for determining a suspension control value based 
on the road surface profile received by the communication means. 

[0253] Accordingly, even on a road section which the vehicle has not previously 
traveled, it is possible to properly control the suspension based on the road surface profile 
received from the information providing server, and drivability is thereby improved. 

[0254] The invention may be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the foregoing description, and all changes which 
come within the meaning and range of equivalency of the claims are therefore intended to be 
embraced therein. 
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